INTRODUCTION
The advances in Industrial Engineering (IE) have gone a long way since the early beginnings and the experiments of Taylor, Gilbreth, Babbage, Towne and others. Not so much in the area of the field, but in the direction of tackling even the smallest details possible. In order to do this the complexity of the problems grew, with that the data needed to be obtained and processed was also getting bigger. The computers played huge factor in keeping the Industrial Engineering alive and constantly being in trend. Not only because of the hardware possibilities and the calculations that could have been made now, but also from the point of view that many software packages have been developed in order to solve some kind of an IE problem. There are solutions for finding an optimal layout, managing production processes, tackling ergonomic issues, calculating cost/profit etc. (the intention is not to name vendors here).
Simulation and modelling has been widely accepted as one of the most important aspects of the Industrial Engineering. The application and use of the simulation models has grown exponentially since the 50' until today. This is mainly because of the advances in the computation field, but also because of the increased number (percentage) of acceptance by the academia and the industry (Robinson 2004a) . The complexity of the simulated issues has been adapted to the complexity of the real world cases and has risen proportionally. Many of the tools and techniques used many years ago can not present the level of details that is needed today in some cases. One of the theses for future trends in the field of simulation by Robinson (2004) is that in order to deal with this, a combination of techniques would be required. Also, in (Banks et al. 2003 ) few of the experts asked for bigger accent to be put in interoperability of simulation software. In that direction, the best from the selected techniques would be taken and they would complement each other, resulting in the synergy factor. In this paper, a comparison and combination of System Dynamics and Discrete Event Simulation (DES) will be presented. At the end one research example will be presented, showing why and when this should be done.
SYSTEM DYNAMICS
System Dynamics (SD) is a relatively new technique that has been populated in the last 20 years. The basic principle underlying system dynamics is that the structure of a system determines its behaviour over time (Forrester 1968; Sterman 2006) . SD is all about the whole and looking at the system as a unit. In normal cases, a lot of people use the divide-andconquer system in order to solve complex problems. The philosophy of SD is that every element is connected somehow with other element(s) and those relationships determine how the system performs over time. It is best used when modelling very complex systems that are very hard to perceive and understand. There are two main approaches that help define a SD model. The first one is the causal loops (and feedback loops), which are widely spread and very useful. Most of the time, they are the first step in developing a SD model, helping in the conceptualisation. The second tool is the stock and flow diagrams, which aid to describe the model using data. The easiest way to describe this is to think of models like system of water tanks with pipes and valves (Meadows 2008) . In the research conducted by Helal et al. (2007) they have stated that "using SD at the operational level of the manufacturing system has failed to offer the needed granularity (Godding et al., 2003; Barton et al., 2001; Baines and Harisson, 1999; Bauer et al., 1982) . The same was observed by Choi et al. (2006) who could not use SD to model the performance of the individual processes in a software development system". In (Özgün & Barlas 2009 ) the authors needed to increase the values of some variables by tenfold in order for SD to "capture" them and for the model to make sense. In addition, while SD permits the study of the stability of the system over the long range, the trends of behaviour that it generates do not indicate what specific actions to be made and at what values of the action parameters. Such specifications require more detailed considerations that SD does not seem to work with, while DES has been effective at.
DISCRETE EVENT SIMULATION
DES is a more widely established simulation technique (Banks et al. 2004) . "The system is modelled as a series of events, that is, instants in time when a state-change occurs", (Robinson 2004 ). The models are stochastic and generally represent a queuing system. From the beginning until now, the models are based on a specific code that manages the simulation. At the beginning, DES was developed and used in the manufacturing sector. But, as the times have changed, so have the areas where DES has found its applicability (hospitals, public offices, document management etc.) Still, the main advantages and principles have never changed no matter if the simulated entities are products, people, documents etc. (Law 2006; Banks 1998) .
COMPARISON
The SD and DES are very different approaches when trying to model a situation and there are distinctive communities that follow each, respectively. Little bit inspired by the title of Sherwood (2002) , the following comparison will be made in order to clarify some things. If a task of analysing a forest is given to these two types of modellers, the SD modellers will try to look at the forest from above, or from far away. They will look at the landscape, see how the trees are spread and grouped, analyse the types of trees etc. Meanwhile, the DES modellers will try to go in the forest and search in it, look at every tree as an entity, the leaves of the trees, the structure of the trees etc. Having this in mind, it was not very difficult to accept SD a technique for the attempt to model strategic decisions and use DES for the operational processes and decisions. Based on the work of Chahal & Eldabi (2008c) and Lane (2000) a meta-comparison of both approaches is shown in Table 1 . There are numerous articles that describe and compare these techniques, particularly. Maybe one of the first attempts was done by Ruiz-Usano et al. (1996) and before that Crespo-Márquez et al. (1993) (Brailsford & Hilton 2001; Özgün & Barlas 2009; Sweetser 1999; Huang et al. 2004; Wakeland & Medina 2010) share the idea of the authors, presented earlier that SD is more suitable when modelling a system and analysing it as whole and DES when more details are needed for the better representation. The researches have been mainly focused on developing two same models in the different approaches and analysing and sharing the results (Robinson & Morecroft 2006; Crespo-Márquez et al. 1993; Wakeland & Medina 2010; Johnson & Eberlein 2002) . Tako & Robinson (2008) have gone a step further and have analysed a model building process by five SD and five DES modellers on a same situation-a prison population problem. One of the detailed and structured comparison has been done by Chahal & Eldabi (2008) , dividing the analysis in more than thirty categories and explaining every one of them. There are even researches that deal with the third possible option when simulating (e.g. a supply chain) -simulation with agents and compare that along the previous two (Owen et al. 2008 ).
COMBINING TWO MODELLING TECHNIQUES
There are couple of examples where the idea of hybrid models has been taken and proved useful, especially combining SD and DES. They will be analysed according the area/industry for which the model was created, how the models are connected, to which level this was applied in the organization, are the models dependent\independent and the format of the hybrid model. In the next section, we will share our insights regarding each of these issues and present you an example of a hybrid model being developed in mean time.
Area/industry of application
In the manufacturing industry, there is a good example for modelling hierarchical production systems (Venkateswaran et al. 2004; Venkateswaran & Son 2005) . The authors are concentrated on the production and production related elements, and have developed a SD model for the long-term plans (developed by the "Enterprise-level decision maker") and short-term plans (developed by the "Shop-level decision maker"). In the paper (Rabelo et al. 2005 ) the authors have also examined a manufacturing enterprise, where they used SD to simulate a financial (reinvestment) policy and DES to simulate the production process of one machine. They have represented the number of machines in the SD model, so by "multiplying" this variable with the output of the DES process they can generate the production output of the enterprise. Based on the framework of (Helal et al. 2007 ), same has been tested and a hierarchical production model has been developed (Pastrana et al. 2010 ). In the recent decade, the healthcare management has been seen as a very interesting field for the industrial engineers (the Institute of Industrial Engineers <www.iienet.org> have classified Healthcare Management in the same importance as Lean & Six Sigma, Supply Chain Management, Ergonomics, Quality systems etc. and some universities have a special IE curriculum for Healthcare management, e.g. TU Eindhoven <www.tue.nl>). This interest has also been shown in using the simulation for tackling issues in the healthcare. Chahal and Eldabi (2008a) have distinguished three formats how the models inside a hybrid mode can communicate: Hierarchical, Process-Environment and Integrated format. Later they have suggested a framework for hybrid simulation in the healthcare (Chahal & Eldabi 2010) . In the work of Brailsford et al. (2010) the authors used the hybrid models to represent two case. The first one is when the DES model simulates a process of a patient being examined with a whole configuration of a hospital, while the SD simulates the community and how a specific disease would spread. In the second case, the DES was used to simulate operations of a contact centre, and SD to simulate demographic changes of the population being examined. The use of hybrid modelling has found its applicability in the civil engineering as well (Peña-Mora et al. 2008; SangHyun Lee et al. 2007 ; Alvanchi et al. 2009 ) dealing with problems that are more complex to be solved with independent simulation models or project management tools. One of the few advantages that the authors found with this approach is the benefit of proposals for improvement they got from the models. In the same direction as the previous two papers, Martin and Raffo (2001) have also suggested a hybrid approach in the software industry. They have worked on an issue that can be managed with project management software as well, but they argue that the benefit of the hybrid simulation is the experimentation that can be done. The use of agent-based modelling and SD as hybrid architecture can be also adapted for the automotive industry (Kieckhafer et al. 2009 ).
Type of connection
Combining the two different models in one hybrid one is one of the most important thing in this whole process. This defines also how the models will communicate, share data, behave at a certain time point etc. Back in the 1999 there were two papers that stress out the possibilities and the advantages when using HLA (High Level Architecture) to combine two or more models (Schulze 1999; Davis & Moeller 1999) . Some research done so far has employed this tool in order to combine their models (Venkateswaran et al. 2004; Rabelo et al. 2003; Alvanchi et al. 2009 ). Clearly, the benefits are enormous, but also the effort, time and the technicality when using this approach. Some have used a more usual ways to do this, like Excel and Visual Basic for Applications (Brailsford et al. 2010 ). There are even cases where a specific research has been conducted in order to define a generic module in order for SD and DES models to communicate and function (Helal et al. 2007 ). There are even examples where the modellers have a single software solution (Anylogic, <www.xjtek.com>) and combined a DES model with differential equations (Marin et al. 2010 ). Maybe it is not as same as the rest of the cases, but is worth mentioning as an approach.
Scope of the hybrid model
In this section we would like to address at what scope is the hybrid model applied inside one area/organization; whether the hybrid model is about whole organization, two different functional areas inside organization, only one functional area etc. For example, the work of Brailsford et al. (2010) has two different cases, but both use DES to simulate inner situations (hospital and calling centre operations), while SD simulates very broad scenarios (whole community or population demographics). In the case of (Martin & Raffo 2001 ) the model is a representation of a project being under away. Rabelo et al. (2005) have modelled two different functional areas -SD for the decisions concerning allocation of the financial resources (of the plants) and DES for operational decisions of the plant (number of machines, people etc.). In the case of (Venkateswaran et al. 2004) , the whole hybrid model is about the production in the enterprise; SD for the aggregateplanning level and DES for detailed-scheduling level.
Dependent\independent models inside hybrid model
The intention of the authors was to distinguish if the singular models inside the hybrid one are independent or dependent on each other. The idea was that maybe two different modellers can model their own model "independently" and then combine the model, which is thought of as very practical and less time consuming. This was very hard to distinguish during the research of the papers, because there is not so specific information regarding this issue. The authors have made experiments by themselves regarding this and have successfully paired two independent models.
Type of hybrid model format
Chahal and Eldabi (2008a) have distinguished three formats how the models inside a hybrid model can communicate: Hierarchical, Process -Environment and Integrated format. The works of (Venkateswaran et al. 2004; Rabelo et al. 2005; Rabelo et al. 2003; Pastrana et al. 2010 ) have a hierarchical model. (Brailsford et al. 2010) and (Martin & Raffo 2001) both deal with processes and how the environment deals with the changes that they bring. In (Brailsford et al. 2010 ) the authors argue that no one until now has achieved to develop a hybrid model by the Integrated format, but given the progress of the development of hybrid models, the gap is getting narrower.
EXAMPLE / CASE
For the research that is going on right now, we are in a process of developing a hybrid model, based on the case of one production enterprise. This was not possible to be done in DES only environment, and when we experimented only with SD we did not get the needed detail level of the production. Because of the nature of the situation, we are developing two separate models. One SD model that will represent the top management decision about how many sales personal need to be (hired/fired) and one DES model about the process of production of the products been sold. The models are of hierarchical format according the classification of (Chahal & Eldabi 2008a ) and aid each other so that the number of sales personnel is according the demand, but also according the production capacity (from the DES model). The connection was established using the built-in functions of the used software (Plant Simulation for DES and PowerSim for SD) and we used Excel as data storage media through the simulation runs. The functioning of the hybrid model is presented in Figure 1 . The model works in that way that the SD model runs and triggers the DES model (the production) and sends the information regarding the demand. After the production cycle is finished, it sends back to the SD model the number of produced products. This information is received and taken in the SD model in order to calculate the possible sales that is one of the main inputs for determining the number of sales people (which was the initial goal of the simulation model).
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CONCLUCSION
This paper summarizes and analyses different hybrid simulation models from selected papers. This is a relatively new area and only handful of research papers exist. Based on the papers and the authors view, the need for this kind of models is very justified and will be even more important in the near future. In order to get the most appropriate and convincing representation of the real world, the suitable modelling approach should be used. Because we try to simulate very complex scenarios, the need for hybrid simulation and modelling is inevitable. For our needs, the usage of System Dynamics and Discrete Event Simulation has been proven most suitable.
